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In commercial farming, human drive for higher production, economic
benefits, labour efficiency and reduction of environmental emissions, led to the
development of intensive husbandry techniques which are very demanding for the
animals and cause reduced welfare. Over the last decades, however, interest in and
concern about animal welfare has been increasing in many countries. Consumers
more and more require ’welfare-friendly’ products, and show growing interest in
organic food products. This is increasingly supported by legislation aiming to
improve farm animal welfare. In The Netherlands, the growing public concern for
animal welfare led to the establishment of the Dutch Animal Health and Welfare
Act (Gezondheids- en Welzijnswet voor Dieren, 1992). However, there is still
much debate on the issue of animal welfare. Different parties, such as farmers,
welfare organisations, consumers and policy makers, often have different opinions,
perceptions, views and values, regarding what specifically constitutes animal
welfare. Scientists have an important task to select objective variables to provide
information on actual, rather than perceived, welfare. The problem is that animal
welfare is a concept that can neither be viewed in a purely objective manner, nor
simply defined, described or assessed. It is not a scientifically or technically precise
state, but rather a multidimensional one (Clark, 1997a). Most definitions agree that
welfare involves the quality of life and concerns the relationship between animals
and their environment. Welfare of an animal has often been characterized as a state
of mental and physical health when living in harmony with the environment
(Duncan and Dawkins, 1983). Wiepkema and Koolhaas (1993) have added a
biological translation: ’Welfare is present when an individual can reliably predict or
control relevant events by means of species-specific signals and means’. One of the
most frequently used definitions of animal welfare was stated by Broom and
Johnson (1993): ’the welfare of an individual is its state as regards its attempts to
cope with its environment’. The ’state as regards attempts to cope’ refers to how
much has to be done in order to adapt to the environment. The more effort has to be
put into adaptation, the poorer animal welfare. Especially when controllability of
the environment becomes low, an animal may have to put much (mental) effort into
its adaptation, or its adaptation may even fail. This may lead to a state of stress.
Duncan (1996) stated ’it is the negative emotions of feeling stressed or frightened
or in pain that reduce welfare’. In the following section, a definition of stress is
given and the implications of (chronic) stress for welfare are being discussed.
Moreover, several indicators (measures) of welfare are being described.
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Measurements of welfare
The extent to what is done to adapt or to cope, and effects of a lack of
adaptation, can be measured in terms of behaviour, physiology, health and
production. In the following I discuss the assessment of welfare in terms of
measurements of stress and (limits of) adaptation, production and health.
Stress and adaptation
The concept of stress is an integral part of discussions on welfare. The term
stress is often used to indicate a physical or mental burden on the animal, indicative
for reduced welfare. This view, however, is too simple. This is mainly attributed to
the variety of definitions of stress, depending on the area of work they refer to, and
both describing cause and effect. I will use the term stress to indicate an animal’s
internal state (effect), and the term stressor to indicate the source of stress (cause).
As most generally used now, stress refers to a state of threatened homeostasis
(body equilibrium; Clark, 1997b). To counteract disturbances in homeostasis, the
body reacts with stress responses, serving a regulatory (adaptive) function. In the
early studies on stress, it was thought that stressors were mainly of physical nature,
and that stress responses were non-specific (Selye, 1935; 1946). Later studies
revealed that psychological components of stressors were the more important
determinants of the stress response, and that different stressors evoke their own and
often specific stress responses (Mason, 1971; Levine et al., 1989). According to
Weiss (1968), the perception of the stimulus and consequently the degree of
control is the responsible variable in determining the stress response.
Stress responses are thus normally adaptive when the animal is able to cope with
the challenge and satisfactorily handles the threat. Some environmental instability
and uncertainty, leading to stress responses, may even be beneficial to avoid
boredom and optimize individual vigilance (Wemelsfelder, 1990; Wiepkema and
Koolhaas, 1993). Adaptation occurs by activation of a complex pattern of species-
specific behavioural changes, and responses of the central and autonomic nervous
and endocrine systems:
Behavioural responses. When environmental conditions change, animals
often respond with changes in behaviour. Behavioural changes are among the most
easily observed indicators for a state of stress. However, for proper interpretations
of behavioural responses or changes in the quality of behaviours, in terms of stress,
knowledge of species-specific behaviour is required. The delay or latency of
resuming normal behaviour following an environmental change can be a useful
measure of stress (Broom and Johnson, 1993). Situations of uncertainty and threat
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may lead to behavioural changes, which include those of agonistic behaviour,
displacement or interruptive behaviour, and redirected behaviour (Wiepkema and
Koolhaas, 1993). These behaviours are generally short-lived and are part of normal
regulatory mechanisms to solve the conflict.
Physiological responses. Physiological adaptation to stressors consists of
activation of several physiological systems, including the hypothalamic-pituitary-
adrenal (HPA) axis (Harbuz and Lightman, 1992; Minton, 1994; Selye, 1935), the
autonomic nervous system (Axelrod and Reisine, 1984; Cannon, 1914), and the
immune system (Harbuz and Lightman, 1992). The magnitude of physiological
responses may represent the adversity of the threat and consequently the degree of
adaptation. Secretion of ACTH (from the pituitary) and corticosteroids (from the
adrenal cortex) are the final steps in the activation of the HPA-axis. HPA responses
serve to restore homeostasis by their effects on metabolism. More frequently than
ACTH, corticosteroids are used as important indicators of stress. However, there
are some limitations. For instance, changes in the HPA-axis are not always
accompanied by changes in corticosteroids (Janssens et al., 1995b; Ladewig and
Smidt, 1989). Also, there are stressful conditions to which adrenals do not respond
(Moberg, 1985). Simultaneous measurements of ACTH and corticosteroid
concentrations may therefore provide better information on HPA-axis activity.
Most studies measure the plasma total (free and bound) corticosteroid
concentration, rather than the free fraction. The latter fraction is in the biologically
active form, and can be measured in other body fluids, such as saliva (Vining et al.,
1983). The technique of collecting saliva is often more simple and much less
invasive than that of blood sampling (Parrott et al., 1989). The activity of the
autonomic nervous system is determined by its actions of the sympathetic and
parasympathetic branches. The sympathetic action results in a very fast (within
seconds) release of catecholamines: noradrenaline from the sympathetic nerve
endings and adrenaline from the adrenal medulla. This action leads to increases in
heart rate, enabling the animal to make a quick physiological adjustment to a
sudden threat. Relatively few studies have characterized catecholamine responses
to stressors in farm animals. This is undoubtedly due to the difficulties in rapid
enough sampling of blood, requiring catherizations of animals. The latter may
become problematic when animals are housed in groups, and group-mates are able
to destroy each others catheters. Sampling of urine for catecholamine
measurements is a promising alternative (Hay et al., 2000). Heart rate is often
measured in response to stressors, but it is difficult to separate physical and
psychological causes. Assessment of heart rate variability, in addition to heart rate,
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may also include the parasympathetic action in the interpretation of stress levels.
The parasympathetic and sympathetic branches work in opposite directions, and
their balance determines heart rate frequency. Stress may alter this balance between
the sympathetic and parasympathetic branches. Generally a higher heart rate
variability represents a shift towards parasympathetic prevalence and a lower heart
rate variability represents a predominant sympathetic action (Sgoifo et al., 1999).
Alterations in the autonomic balance may thus indicate a change in the internal
state of animals (Hansen and Von Borell, 1998; Forde and Marchant, 1999, De
Jong, 2000), but the type of stressor determines the direction of the shift (Sgoifo et
al., 1999). Other hormones involved in stress responses, but which are only
mentioned here, are beta-endorphin, prolactin, vasopressin and glucagon (Sapolski,
1992). To conclude, the adaptive role of physiological mechanisms is also
emphasized by effects of stress on cognitive function. Moderate and short-term
increases in catecholamines and cortisol can enhance memory, learning and
cognition processes (Mendl 1999). This may improve the animals efficiency of
reactions and adaptation when repeatedly encountering potential threats.
Immune responses. The immune system plays an important role in the
resistance to diseases. Stress-induced changes in immune activity are complex and
widely affected by neuroendocrine parameters and neurotransmitters. Conversely,
humoral components of the immune response exert effects on the central and
peripheral components of stress responses (Kelley, 1988). In response to a stressor,
some immune responses are enhanced whereas others are suppressed. Generally,
acute stress enhances aspecific reactions, and increases are found in numbers of
blood phagocytic cells (Wallgren et al., 1994) and phagocytic activity (Ruis and
Bayne, 1997). These reactions normally serve as a primary defence against
invading pathogens. Specific responses, such as lymphocyte proliferation and
antibody production are a second line of defence and are initially suppressed. This
suppression may serve to protect the body against an over-activation of defense
mechanisms (Munck et al., 1984). Accordingly, for assessments of stress,
measurements of changes in leucocyte subsets in blood may provide a valuable and
easily applicable tool (Wallgren et al., 1994). Catecholamines seem to be the main
mediators in the enhancement of aspects of the immune response (Croiset et al.,
1987), whereas corticosteroids have immunosuppressive and anti-inflammatory
effects (Munck et al., 1984; Wallgren et al., 1994).
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Stress and adaptive capacity
Stress may become a burden to an animal when stressors have a long
lasting (after-)effect. When stressors are mild and short-lived, animal welfare is
normally not at risk. Stress responses, however, may be extended or unsuccesful,
and an animal may have to put much effort into its adaptation or is not able to
adapt, leading to (pre)pathological states. For many farm animals, threatening
situations are often beyond their control and adaptive capacity. These situations
may involve the permanent presence of a stressor, for instance, when the internal
need to perform normal species-specific behaviour cannot be fulfilled, but may also
result from the occurrence of one or few experiences with severe stressors (major
life events) (Wiepkema and Koolhaas, 1993). When the stress response does not
lead to a desired adaptation, behavioural symptoms of chronic stress may develop.
These include abnormal behaviours such as violent aggression in frustrating
situations, disturbed behaviours such as injurious and stereotypic behaviour, and
apathy and unresponsiveness (Broom and Johnson, 1993; Wiepkema and
Koolhaas, 1993). A persistent threat may also lead to prolonged hyperactivity of
physiological systems, which impairs rather than contributes to well-being. Under
such chronic stress conditions, changes in baseline activities of physiological
systems may increase the occurrence of certain stress pathologies. Long-term
sympathetic activation, for instance, may enhance the risk for hypertension and
artherosclerosis, whereas prolonged parasympathetic activation may lead to heart
rhythm disturbances and sudden cardiac death (Koolhaas et al., 1999; Sgoifo et al.,
1999). Chronically increased corticosteroid levels may increase the formation of
gastro-intestinal ulcers, reduce the size of various organs such as the thymus,
spleen and reproductive organs (Selye, 1946), cause neuronal damage (Sapolsky,
1996), and enhance the risks of infection due to a permanent immunosuppression
(Kelley, 1988; Munck et al., 1984; Wallgren et al., 1994). Chronic stress may also
lead to long-term changes in body temperature, but the direction (hyper- or
hypothermia) and duration depends on the type of stressor (Broom and Johnson,
1993; De Jong, 2000).
Signs of stress pathologies may also develop while no changes in baseline
activity of physiological parameters are detected. In these situations, the regulatory
feedback mechanisms may restore baseline levels, although normal functioning of
physiological systems is altered for a prolonged time (Wiepkema and Koolhaas,
1993). Such an alteration may be observed following a major life event. Following
such an acute but very severe stressor, changes in baseline levels may not be
detected, whereas reactivity of physiological systems may be altered for a
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prolonged time (Koolhaas et al., 1997b). For the HPA-axis, tests of feedback
mechanisms (by dexamethasone) and stimulation (by CRF, ACTH or mild
stressors) are best suited to study the functional state of the system (Mormède et
al., 1984). The physiological state, together with behavioural characteristics, may
also say something about the emotional state or mood of an animal. Although
mood disorders in animals cannot directly be assessed and we cannot be certain
what an animals feelings are, a certain set of behavioural and physiological
reactions may point to the existence of stress disorders which resemble those in
humans. For instance, in animals, observed reductions in mobility and activity
(Koolhaas et al., 1990; Meerlo et al., 1996b) and hyperactivity of the HPA-axis
(Buwalda et al., 1999), much resemble symptoms of human depression. The
similarity with this human psychopathology was also demonstrated by the
succesful counteraction of mentioned behavioural changes, with pharmaca
normally used to treat human depressive states (Koolhaas et al., 1990). Fear is
another aversive emotional state, following relative complex cognitive processes,
which normally serves to avoid potentially harmful situations (Boissy, 1995;
Rushen et al., 1999a). Fear, however, may become less functional when animals
are not able to distinguish between threatening and non-threatening stimuli, or
when an animal reacts more and more aversively, even though the (minor) stimulus
is rather constant.
Mood disorders may thus lead to increases in responses to continuing or
repeated stimulation. In other words, the animal becomes more vulnerable to
changes in the environment. This process is called sensitization (Koolhaas et al.,
1997b; Post, 1992). This contrasts the process of habituation, in which animals
reduce their responses to repeated stimuli. This waning of stress responses is
considered normally adaptive, and is a process of learning (Broom and Johnson,
1993). In contrast to moderate corticosteroid responses (discussed earlier),
excessively high or prolonged elevations of corticosteroids can lead to impairment
of cognitive performance and memory function (Mendl, 1999). A common element
in fear-evoking situations is novelty. Therefore, indications of the emotional status
of animals are often tested by introduction of stimuli which include novelty. Stress
responses to these tests, such as explorative and locomotory behaviours, and
physiological reactions, are expected to be higher when animals are generally more
fearful. Not until recently, some of the standard tests were pharmacologically (with
anxiolytica) validated to be useful for measurements of fear in farm animals
(Andersen et al., 2000b; Hopster et al., 1999).
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Chronic stress, either by persistence of the stressor or single experiences
with severe stressors (major life events), thus seems to constitute the greatest risk
for animal welfare. Abnormal behaviours, disruptions in physiological systems,
decreased immune capacity and mood disorders, are reliable and objective
indicators of a state of reduced welfare. However, especially during
prepathological states, it is not always clear whether the stress response is adaptive
or not, and whether a situation of chronic stress exists. In other words, it is
frequently unclear when the border is crossed between a functional adaptive
response and a response that is not adaptive. For a better interpretation, in terms of
welfare, it is always important to focus simultaneously on different aspects of the
stress response, i.e. on characteristics of behaviour, physiology and emotionality.
Production
Production can cover a great variety of entities, but body weight or body
growth is most often referred to. Body growth, which is relatively easy to measure,
may indicate whether some important requirements with respect to welfare are met.
Impaired body growth following a period of normal growth may be an indication
of reduced welfare (Broom and Johnson, 1993; Wiepkema and Koolhaas, 1993).
Good production results, on the other hand, are not necessarily proof of optimal
welfare. For instance, poor welfare is expected in fast growing broilers that are
physiologically unable to manage with this growth. Furthermore, animals may
meet higher energy demands without effects on body growth. This may happen in
situations of higher activity, but also under conditions of stress (Stookey and
Gonyou, 1994). Feed efficiency, as the ratio between body weight gain and feed
intake (gain/feed), may therefore give extra information on the metabolic state of
an animal.
Health
Health, or freedom from disease and physical damage (injuries), is a very
important aspect in the assessments of animal welfare. Decreased health may be
directly related to chronic stress: e.g. a higher vulnerability to disease (pathology)
and aggression-related skin damage. A way to assess vulnerability to diseases is to
test immune system function, by deliberately infecting animals with pathogens and
determine specific responses of the immune system. One refinement is the use of
vaccination-challenge models, giving information about the immune response
(lymphocyte proliferation, antibody production, cytokine production), the memory
response and symptoms of clinical illness (fever response, virus-excretion). Other
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factors which are also known to have an important effect on the health status of an
animal include the presence of pathogens, accidents related to poor housing design
and poor management (i.e. slippery floors), and human interventions to prevent
behavioural problems resulting from intensive farming (i.e beaktrimming of laying
hens, teeth and tail clipping of piglets, dehorning of dairy cattle). Physical damage
as such may be very painful, which is a very aversive sensation for the animal. Pain
therefore constitutes a primary aspect of welfare and pain reactions may be
recognized by behavioural and physiological changes and responses (Broom and
Johnson, 1993).
Welfare of growing pigs: the subject of this thesis
The development of intensive husbandry systems took also place in
commercial farming of pigs. The domesticated pig is now one of the most
intensively kept farm animals in The Netherlands. In 1996, the human population
in The Netherlands was even almost outnumbered by the number of pigs. This high
pig production is accompanied with a physical and social living environment which
is very limited and includes many potential hazards. Gestating and farrowing sows
are often placed in close confinement stalls, and growing pigs are housed in fully
or partly slatted systems, with little space and no substrate. Importantly, social
conditions resulting from housing and management routines in agricultural systems
are often far from desired in view of  the biology of the pig (see next section). This
may lead to situations that an animal has to put much (mental) effort into its
adaptation or its control of the (social) environment. Consequently, this may lead to
a state of (chronic) stress. Because social conditions are the source of this stress
(social stressor), this type of stress is also referred to as social stress.
Pigs may experience high levels of social stress when socially mixed with
unfamiliar (strange)  conspecifics, which is generally recognized as a major welfare
concern in intensive pig farming. Mixing usually induces vigorous fighting and
aggression to settle social hierarchy positions (see also next section). The aim of
the project described in this thesis was to investigate which social component(s) is
(are) responsible for or modulate the adverse effects of mixing: i.e. initial fighting
to establish a social hierarchy, prolonged coexistence of unfamiliar pigs, social
support, and individual characteristics (coping characteristics). Moreover, by
investigating effects of social isolation, the importance of having social contact
with conspecifics as such was determined. Because of the nature of the welfare
concept, assessments of welfare status were based on multifacetted approaches, by
an integration of measurements of stress responses, indications of emotional status,
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and production and health variables (Figure 1). Despite the fundamental approach
of this project, it was also aimed to develop or optimize tools with practical value
for pig husbandry, leading to improved husbandry methods.
Figure 1. Schematic overview of the potential stress response to a social stressor, and
its implications for pig welfare. Modulating effects of factors with questionmarks are
studied in the current project.
Pig-specific behaviour: social relationships
The domesticated pig is generally accepted to originate from wild pigs of
the species Sus scrofa which ranges throughout the woodlands of Europe, North
Africa and Asia. Wild pigs are highly social animals and live in groups of two to
five related females and their immature offspring (a number of unweaned juveniles
and weaned sub-adults). From 1-1.5 years of age, boars start to leave these social
groups and tend to remain solitary. They will temporarily join social groups during
the mating season. In general, the organization of a social group is based upon a
dominance hierarchy, which gradually develops while animals grow up. Piglets
already start to form social dominance relationships within hours after birth
(Graves, 1984). As a consequence, the members of a social system are

































Despite the long history of domestication, estimated to have begun around
7000 years B.C., the domesticated pig still shows behaviour that includes most of
that of their wild ancestors (Jensen, 1986; Stolba and Wood-Gush, 1984). This was
shown by studying domesticated pigs in semi-natural settings. These studies also
revealed that familiar pigs tend to form subgroups, whereas the unfamiliar pigs
maintain separate sleeping areas for a prolonged period (over six months).
Generally, familiar animals show social bonding, and the strongest social
relationships exist in littermates (Newberry and Wood-Gush, 1986; Petersen et al.,
1989). Unfamiliarity, on the other hand, often leads to much fighting and
aggression (agonistic behaviour), which may serve to drive away a stranger
(Puppe, 1998). However, when animals become part of the same social group,
agonistic behaviour may also lead to and maintain social dominance relationships.
(Meese and Ewbank, 1973).
When pigs are housed in intensive agricultural systems, groupings imposed
on pigs are not those which would apply in the wild. Growing pigs in modern
production systems are mixed and kept in groups of unfamiliar and similar sized
conspecifics. Both factors are known to increase the likelyhood and severity of
fighting and aggression (McGlone and Curtis, 1985; Rushen, 1987). Moreover,
after establishment of the social hierarchy, which cannot develop as gradually as
compared to the situation in the wild, less intense aggression may be observed in
the longer term (Ekkel et al., 1997; Stookey and Gonyou, 1994). This may be due
to small living areas with no hiding places, leading to social friction and stress:
animals cannot be expelled from the social group, some pigs are not able to settle
dominance relationships, and dominant and subordinate animals sense each other’s
presence continuously. Often, limited access to food repeatedly triggers agonistic
interactions. Health problems and decreased body growth are very common
following mixing procedures (Ekkel et al., 1995b; Stookey and Gonyou, 1994).
Generally, dominant pigs have more control over the situation, because they have
preferred access to resources such as food (McGlone, 1986). Therefore,
subordinate pigs are often assumed to be worst off in these artificial social groups.
Dominant animals, on the other hand, may pay a price as well, for maintaining
their high social status (threat to control).
Individual differences
Usually, a considerable variation between stress responses of different
animals within the same species is observed. Based on clinical observations and
literature studies, Engel (1967) suggested the existence of basically two modes of
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stress responses. One was referred to as the ’fight/flight’ response and was
originally described by Cannon (1914). This response is aimed at the removal from
the stressor, and is preferentially accompanied with an activation of the
sympathetic nervous system. The second type of stress response was called the
’conservation/withdrawal’ response, and serves to reduce the emotional impact of
the stressor. In Engel’s view, this mode of stress response is characterized by
immobility, and activation of the HPA-axis. Henry and Stephens (1977) supported
this hypothesis of the existence of different stress response patterns, but they
considered the conservation-withdrawal response as a form of pathology induced
by a loss of control. This was opposed by Koolhaas et al. (1986), who suggested
that the variation in stress responses reflect biologically functional variation in
ways of coping or adaptation. They introduced the concept of coping styles, and
introduced the terms ’active’ and ’passive’ coping, which refer to the fight/flight and
conservation-withdrawal responses, respectively. Both genetic factors and early life
experiences were found to determine an animal’s preferred way of coping with a
variety of social and non-social stimuli (Benus et al., 1991). Perception or
cognitive appraisal, and not the physical characteristics of a stressor per se,
therefore determine the way of coping (Moberg, 1985; Koolhaas et al., 1999).
Studies in rodents revealed that differentiation in levels of aggression constitutes
another main characteristic of differences between ways of coping. Generally,
aggressive animals show an active response to aversive situations, and low-
aggressive individuals generally adopt a passive strategy when challenged (Benus
et al., 1991; Bohus et al, 1987). In rat colonies, a relationship was found between
coping characteristics and social dominance, with the dominant position usually
being taken by an animal with an active strategy (Koolhaas and Bohus, 1989).
Recently, it was proposed to replace the terms active and passive coping by new
terms: ’proactive’ and ’reactive’ coping, respectively. These new terms give a better
description of the fundamental difference between the two styles (Koolhaas et al.,
1997a; 1999), which is prominently based on the degree in which behaviour is
guided by environmental stimuli. High-aggressive animals easily develop routines,
i.e. their behaviour is intrinsically driven. They have a more proactive type of
behavioural response. Low-aggressive animals seem to be more adaptive and
flexible, and react to environmental stimuli all the time. Therefore, proactive and
reactive animals may have advantages under stable and variable conditions,
respectively (Benus et al., 1991; Koolhaas et al., 1997a; 1999).
In rodents, genetic selection may have exaggerated coping patterns to a
level normally not found in a natural population. However, few studies in feral
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populations, e.g. in the wild house mouse (Van Oortmerssen and Busser, 1989) and
the great tit (Verbeek et al., 1994), indicated the existence of distinct phenotypes. A
differentiation in coping styles may be highly functional in population dynamics,
and natural selection will tend to retain both categories of animals. However, it is
questionable whether under farming conditions, which comprise standardized
housing and management routines, it is benefial to have different ways of coping.
One might imagine that domestication may have affected the distribution of
individual variation, which may have favoured one or another type of animal
(Hopster, 1998; Jensen et al., 1995). It is also suggested that domestication is
accompanied with changes in the quantitative rather than in the qualitative nature
of responses (Price, 1999). Either way, the domesticated pig still shows
considerable individual variability in response to environmental stimuli. Attempts
to categorize pigs according to ways of coping were less succesful and showed
divergent results. Some autors state that behavioural and physiological responses
remain constant within individual pigs across situations (Hessing et al., 1994b;
Mendl et al., 1992; Thodberg et al., 1999), which was opposed by others (Forkman
et al., 1995; Jensen et al., 1995). Moreover, tested populations of pigs did not show
non-normal distributions of their stress responses, as bi- or multi-modality should
exist (Forkman et al., 1995; Jensen et al., 1995). However, the shape of the
distribution curve does not seem to matter much when individual vulnerability to
stress-related problems is concerned (Koolhaas et al., 1999). Recent studies in pigs
provided some indications that extreme responders to two different restraint tests,
e.g. the backtest (Hessing et al., 1994b) and the so called tonic immobility test
(Erhard and Mendl, 1999; Erhard et al., 1999), show different levels of aggression
and have different patterns of stress responses in various situations. It may
therefore be speculated, when qualitative and quantitative differences between
extremes are large enough, that specific pathologies develop in situations of
chronic stress, related to specific physiological states. Individual pigs may then
differ in susceptibility to show abnormal behaviour, and to develop cardiovascular
disease, ulcer formation, stereotypies and infectious disease (Koolhaas et al.,
1999). Furthermore, in groupings of pigs, behavioural characteristics of individual
animals, such as individual aggressiveness, may have an important influence on the
establishment of a stable social hierarchy (Erhard et al., 1997; Hessing et al.,
1994a). Knowledge on individual ways of coping of farmed pigs is thus of utmost
importance with regard to welfare.
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The experiments
The purpose of this thesis was to investigate which social component(s) is
(are) responsible for or modulate the adverse effects of mixing unfamiliar pigs: i.e.
initial fighting to establish a social hierarchy, prolonged coexistence of unfamiliar
pigs, social support, and individual characteristics (coping characteristics). Due to
practical limitations, most of the experiments were restricted to experimental
testings of young female pigs (gilts). Gilts were chosen because in barrows
indications were obtained for long-term negative effects of castration (Chapters 2
and 5), which may confound with the outcome of experimental testings.
Chapter 2. In considering concentrations of corticosteroids as a
physiological indicator of decreased welfare, knowledge on basal concentrations
covering 24-hour periods is needed. Changes in corticosteroid concentrations may
occur without the presence of stressors, due to fluctuations on a daily basis
(circadian rhythmicity). Given stressors may also elicit different corticosteroid
responses at different phases of the circadian cycle (Halberg, 1969; Klemcke et al.,
1989). Furthermore, exposure to stressors may lead to disruptions of circadian
rhythms, which may lead to reduced health and welfare (De Jong, 2000; Turek,
1994). Corticosteroid concentrations may also differ according to age (Evans et al.,
1988) and gender (Nyberg et al., 1988). Therefore, the project was started with an
investigation of the circadian rhythmicity of cortisol in saliva of growing pigs, in
relation to age, gender and (time of) stressor application. We considered salivary
cortisol as a reliable and convenient measure of stress for our project because it
represents the biologically free fraction and saliva samplings in pigs are relatively
easy and noninvasive (compared to blood samplings). During this experiment, a
radioimmunoassay (RIA) for determinations of salivary cortisol concentrations was
optimized and validated.
Chapter 3. It is not known whether adverse effects associated with
regrouping or mixing is attributed to the initial fighting to establish a social
hierarchy, to a continuing social stress by ongoing social conflicts between
unfamiliar pigs in newly mixed groups, or by a combination of both. To elucidate
this, it was first investigated what the behavioural and physiological consequences
are of initial fighting for dominance, leading to dominant and subordinate
(defeated) animals. It was expected that social confrontations are most stressful for
loser animals, and therefore we started with studying the consequences of fighting
for those animals being defeated. In male rats, a single social defeat may be
considered as a major life event because of its long-term negative effects. Social
defeat as a stressor is even used as a model for studies of human psychopathologies
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(Koolhaas et al., 1997b). However, the social defeat model in rats was developed
using rats that were individually housed. This type of housing is rather unnatural
because wild rats live in groups. It is not known whether rats which are able to
have contact with familiar conspecifics following social defeat would have similar
long-lasting problems. It might be a general rule that (certain) familiar animals act
as bonding (social) partners and provide social support which has positive
consequences for individuals by reducing neuroendocrine changes in stressful
situations (Henry and Stephens, 1977; Sachser et al., 1998). Therefore, we first
wanted to study the validity of the defeat model in rats by modulating the social
environment following defeat, i.e. individual versus group-housing. Observations
were done during three weeks and included those of behavioural mobility and
activity, anxiety, HPA-activity, body growth and size of various organs.
Chapter 4. As it turned out in Chapter 3, in rats the social environment
following social defeat played an important modulating role in the dynamics of
stress responses to the social stressor. Based on this information, acute and long-
term effects of acute social defeat and modulating effects of the social environment
were investigated in pairs of growing pigs. Only gilts were subject of study. An
important difference with the previous experiment was that also non-defeated
animals were part of study, which were either left undisturbed with their pen-mate
or socially isolated. By studying socially isolated pigs, the importance of having
contact with conspecifics as such was determined. Measurements included those of
various behavioural, physiological and immunological changes, but also of
emotionality and body growth.
Chapter 5. From Chapter 4 it was concluded that in pigs the often
described negative effects of mixing are probably not only related to acute social
defeat. In this experiment we therefore used mixing, i.e coexistence of unfamiliar
pigs, as a stress paradigm which has the highest risk for welfare, and investigated
its effect on behavioural, physiological and specific immune response parameters.
Specific long-term immune responses and protection against challenge infection
after vaccination with pseudorabies virus (PRV) were examined in Specific
Pathogen Free pigs. These pigs were mixed pair-wise with an unfamiliar same-
gender conspecific, or left undisturbed with a same-gender litter-mate. Effects of
gender and social status were part of study.
Chapter 6. The aim of the experiment presented in this chapter was to
determine whether the generally observed individual variation in behavioural and
physiological (stress) responses of gilts to various challenges may point to
fundamental differences in ways of coping. Consistency in reactions to novel
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stimuli and in aggressive features were tested. Moreover, it was tried to replicate
results of Hessing et al. (1993; 1994b) concerning classification of pigs into
proactive and reactive responders according to the backtest. When pigs with
different ways of coping exist, this characteristic of individual animals may be an
important aspect in explaining (the stability of) relations among animals in social
groups.
 Chapter 7. As it turned out in the previous experiment that representatives
of reactive and proactive pigs indeed can be found among farmed pigs, we
accordingly designed an experiment to mix pigs (pair-wise) on the basis of their
coping characteristics. By confronting unfamiliar gilts with either similar or
different coping strategies it was tried to identify whether coping is a factor that
explains social stress and risks for welfare following mixing. Implications for
welfare were studied by observations of behaviour, physiology, emotionality,
health and production. The relationship between social status and coping strategy
was also investigated.
Chapter 8. Finally, to gain more insight in the success of respective coping
strategies, a fundamental study was carried out to investigate differences between
reactive and proactive gilts in their capacities to deal with a lack of any social
contact with conspecifics, i.e. social isolation. On the basis of knowledge on coping
strategies in rodents, individual pigs may differ in the perception and strategy to
adapt to social isolation. For welfare assessments, similar variables as in Chapter 7
were used, extended with post-mortem observations.
Chapter 9. In this Chapter, the major findings of chapters 2-8 are
summarized and discussed.
